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Preston Tube Calibrations and Direct Force 
Floating Element Measurements in a Two-
Dimensional Turbulent Boundary Layer1 
K. C. Brown2 
It is unfortunate that, after so many attempts, a definitive 
calibration of Preston tubes has yet to be achieved. Perhaps 
this reflects upon the difficulty of the task, but this paper 
helps clarify the issue. 
I am not happy to support using the measurements reported 
by Brown & Joubert to help substantiate the proposition that 
existing Preston tube calibrations underestimate the wall 
shear stress. Even with the doubts about calibration of 
Preston tubes I am inclined to prefer them to my own direct 
measurements. It is difficult to envisage direct measurements 
underestimating wall shear stress, but easy to suggest reasons 
for overestimates. Direct measurements are indeed a delicate 
task. 
I must take issue with the implication of the in-
troduction—that we may obtain a different calibration 
equation for different flow geometries—pipe, boundary 
layer, etc. Firstly it makes the whole Preston tube concept 
useless. If one must calibrate individually, then one might as 
well use different devices especially adapted to the situation. 
Secondly it makes nonsense of the principle upon which the 
calibration is based. In the limiting case of very small tubes 
the calibration relies only on the no-slip condition at the wall. 
Therefore, if small enough tubes are used a universal 
calibration must apply and our efforts should be directed 
toward determining it, and the limits of tube size for its ap-
plication to all situations. The conclusion follows that initial 
calibration should be achieved using pipe flows (since they 
lead to the simplest independent estimates of wall shear stress) 
and direct measurements are only necessary for the in-
vestigation of the effects of pressure gradients, local 
variations, etc. 
Authors' Closure 
The authors appreciate the comments of Professor Brown. 
His remark on the delicacy (and difficulties) of direct 
measurements (of local wall shear stress) can be appreciated 
only by those, who like himself, have tried seriously to make 
such measurements, particularly in low speed flows. 
The question of different calibration equations for Preston 
tubes in different flow circumstances—boundary layers and 
pipe flows—is, as Professor Brown notes, the same as the 
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question of different near wall similarity laws for these two 
classes of flows. While this latter question has been debated in 
the past, the authors' perception is that the current concensus 
favors a single law for both classes of flows. This view is 
intuitively satisfying and it is difficult to generate sound 
physical arguments to support a contrary view. Just as there is 
at least a modest degree of uncertainty in the two-dimensional 
near wall similarity law as evidenced by the differences in even 
more recent law of the wall constants,3 so too one can except 
a corresponding uncertainty in the uniqueness of Preston tube 
calibration formulas. This paper attempts to give some 
quantitative measure to this uncertainty, and particularly by 
looking at different flow circumstances, since relatively few 
data are available for the boundary layer case. 
Flow Behind Two Coaxial Circular 
Cylinders' 
P.K. Stansby2 
The authors have presented some most interesting results 
about the influence of a prominent discontinuity on vortex 
shedding from cylinders. An important and surprising 
conclusion is that there appears to be little effect of the 
discontinuity at distances greater than two diameters from it. 
A minor point of concern exists about the choice of a 
diameter ratio of 2:1 for the coaxial cylinders. For a single 
cylinder there are peaks in the pressure spectrum at the 
Strouhal frequency and at twice this frequency. In the coaxial 
case, the Strouhal frequency for the small cylinder is nearly 
twice the Strouhal frequency for the large cylinder and there 
must be some doubt about the origin of a peak at this 
frequency on a pressure spectrum. Choosing a diameter ratio 
away from 2:1 would avoid this problem. 
The flow at the discontinuity must be rather complicated. 
However the trailing vortices generated at the leading edge of 
the big cylinder are likely to be prominent. These streamwise 
vortices rotate to produce a downwash behind the big 
cylinder. (The same mechanism can cause smoke from a 
chimney in a high wind to be entrained in its wake.) Fluid 
from outside the wake will thus be entrained at the base of the 
big cylinder, effecting base bleed which can suppress vortex 
shedding as mentioned in the paper. The influence of the 
trailing vortices on one another will cause them to be deflected 
downwards. These vortices are likely to be a prominent 
feature of the "discontinuity wake" discussed in the paper. It 
is interesting to note that their rotation is such that they could 
join up with the vorticity separating from the big cylinder, 
thus providing an "end" for the vortices of the big cylinder. 
The vortices of the small cylinder presumably end in a more 
conventional manner as the flat end of the big cylinder acts to 
some degree as an end plate as mentioned in the paper. 
A final interesting point concerns the maximum values of 
Cp' away from the discontinuity; they are higher for the big 
cylinder than for the small cylinder (see Fig. 6). At first sight 
this might be thought to be a permanent influence of the 
discontinuity. However the influence of the "other" ends 
could well be significant. The aspect ratio for the big cylinder 
is 5.6 while that for the small cylinder is 11.2. The greater 
relative proximity of the tunnel wall could make the big 
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cylinder wake more two-dimensional than the small cylinder 
wake causing higher fluctuating pressures (2). Making the 
aspect ratios equal through the use of end plates would be 
enlightening. 
Authors' Closure 
The authors welcome the comments of Dr. Stansby on their 
paper. Dr. Stansby has pointed out that the choice of the 
diameter ratio of 2:1 for the coaxial cylinders might introduce 
some uncertainty in the identification of the peaks on a 
pressure spectrum. In fact, this effect has been observed 
during the early stage of the investigation and the well 
established single cylinder results were used to confirm the 
peak. As can be seen from Fig. 2, the Strouhal frequency for 
the small cylinder is clearly different from that of the twice the 
Strouhal frequency for the large cylinder. Furthermore, the 
present results form only part of a detailed investigation in 
which other diameter ratios were adopted. 
The authors agree with Dr. Stansby that the flow at the 
discontinuity is very complicated. The exact mechanism of the 
trailing vortices of the big cylinder and of the "discontinuity 
wake" and their interaction are still not yet known. These 
trailing vortices and the entrained fluid outside the wake, 
besides those of the vortices of the small cylinder, may affect 
base bleed which may suppress vortex shedding of the big 
cylinder. Further investigation is being directed to the un-
derstanding of this basic mechanism. 
For the difference in the maximum value of Cp ' away from 
the discontinuity the authors did not know the exact cause. 
The suggestion for the use of end plates of Dr. Stansby in 
maintaining equal aspect ratio is worth pursuing. 
Effects of Free-Stream Turbulence on 
Diffuser Performance1 
S. V. Horn2 
The author is congratulated on providing experimental data 
on the pressure recovery enhancement of two-dimensional 
subsonic diffusers by means of the stationary turbulence 
generators as rods. 
The highlight of the paper is an introduction of effects of 
turbulence structure parameters as the free-stream integral 
scale of turbulence in addition to the turbulence intensity. 
The overall analysis lacks the information about the energy 
loss of the rod turbulence generator which would enable us to 
compare optimum systems with and without turbulence 
generators. Can the author provide this additional in-
formation? 
The pressure recovery of investigated diffusers was 
established from the wall taps. More consistent experimental 
data are usually provided by the mass-averaged pressure 
recovery. Can the author estimate or measure a difference 
between the mass-averaged and the wall pressure recovery at 
diffuser exit? 
In turbomachinery applications, the high turbulence 
downstream of blading can allow us to design annular dif-
fusers with larger deceleration than for cases with a low 
turbulence level [25]. 
The swinging turbulence flag generators were used to model 
the turbulent flow field downstream of blading. The tur-
bulence structure downstream of these generators was closer 
to the turbomachine turbulence structure than one generated 
by stationary generators. The best results were achieved by a 
combination of both which modeled both stationary and 
rotating turbomachine rows. 
Pressure loss of the turbulence flag generators was 
unusually high which excluded them from potential use in 
diffuser applications. Successful applications, however, were 
made by placing the ring-star generators within axisymmetric 
diffusers [26]. 
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I thank Dr. Horn for his questions and comments. 
To obtain the total pressure loss across the rods and the 
inlet to the channel (AP), the difference in pressure between 
static pressure taps located in the topplate and baseplate 
upstream of the rods and a total pressure probe located in the 
free-stream at the diffuser inlet (section 1) was measured and 
is presented below as a dimensionless loss coefficient for each 
rod set 





































I have not measured mass averaged static pressures at the 
diffuser exit and do not know of a reliable way to obtain this 
information. The work of Ashjaee [24] has shown that for 
10°<26<20°, approximately three percent larger exit wall 
Cp's exist on the unstalled wall due to streamline curvature 
near the intersection of the diffuser wall and the parallel-
walled tailpipe, while for 20<8°, no measurable differences 
in wall Cp's exist. For two-dimensional straight-walled 
subsonic diffusers with free discharge, I would expect less 
streamline curvature at the exit plane and I estimate that the 
Cp's presented in my report based on the discharge static 
pressures as measured with wall taps are within one percent of 
the Cp's based on the mass averaged exit static pressures. 
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Scaling Parameters for a Time-Averaged 
Separation Bubble1 
LP. Castro.2 The most interesting suggestion made by the 
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